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 Appendix
D
to
the
1977
Annual
Report
on
Great
Lakes
Water
Quality
is
the
third
annual
report
submitted
by
the
Radioactivity
Subcommittee
to
the
Imple—
mentation
Committee
and
to
the
Great
Lakes
Water
Quality
Board.
The
Appendix
contains
detailed
information
and
data
available
as
of
May
1978
regarding
radioactivity
in
the
Great
Lakes
Basin.
A
summary
of
this
Appendix
appears
in
the
Board's
Sixth
Annual
Report
to
the
International
Joint
Commission.
Though
the
Board
has
reviewed
and
approved
the
Subcommittee's
report
for
publication,
some
of
the
specific
conclusions
and
recommendations
contained
in
this
Appendix
may
not
be
supported
by
the
Board.
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The Radioactivity Subcommittee reports annually to the Implementation
Committee of the Water Quality Board on the radiological status of the Great
Lakes. This report presents data on levels of radioactivity in water and
biota collected during 1977. Discharges of nuclear waste from nuclear faci—
lities in the Great Lakes Basin are also tabulated.
The status of the proposed refined radioactivity objective for Great
Lakes water quality is decribed in Chapter 2. In Chapter 4 are details of the
subcommittee's surveillance program to determine compliance with this proposed
objective and to detect any trends in radioactive water quality. The factors
used to convert the concentrations of selected radionuclides to the radio—
logical dose (TEDso) received by an individual drinking the water are given in
Chapter 3.
Figure 1 shows the geographical locations of all nuclear facilities in
the Great Lakes Basin. Nuclear generating stations in the Great Lakes Basin
have an installed electrical generating capacity of 13,378 MW. Table 1 pro—
vides details of each facility. Stations currently under construction or
planned to be in operation within the next decade have a designed electrical
generating capacity of 27,810 MW. Information regarding their locations,
generating capacity, and completion dates is given in Table 2.
In the Great Lakes Basin, other stages of the nuclear fuel cycle which
can have an impact on Great Lakes water quality are mining and milling of
uranium, refining of uranium and conversion to UFe, and reprocessing of spent
nucl
ear
fuel
. U
rani
um m
inin
g an
d mi
llin
g op
erat
ions
are
carr
ied
out
in t
he
Elliot Lake area which drains to the North Channel via the Serpent River.
Port Hope, on the north shore of Lake Ontario, is the site of the uranium
refinery and UFG plant which dispose of their radioactive wastes at the nearby
Port Granby waste management area.
Irra
diat
ed f
uel
from
nucl
ear
stat
ions
is c
urre
ntly
stor
ed o
n si
te u
ntil
gove
rnme
ntal
poli
cies
in b
oth
the
U.S.
and
Cana
da o
n it
s fi
nal
disp
osit
ion
are
fina
lize
d.
Howe
ver,
irra
diat
ed u
rani
um f
uel
was
repr
oces
sed
at t
he N
ucle
ar
Fue
l S
erv
ice
s (
NFS)
pla
nt
at
Wes
t V
all
ey,
New
York
, u
nti
l 1
971.
Lar
ge
qua
n—
tit
ies
of
rad
ioa
cti
ve
was
te
are
sto
red
the
re.
The
NFS
sit
e d
rai
ns
to
Lak
e
Eri
e v
ia
Cat
tar
aug
us
Cre
ek,
ent
eri
ng
the
lak
e s
out
hwe
st
of
Buf
fal
o.
Med
ica
l,
edu
cat
ion
al,
and
ind
ust
ria
l u
ses
of
rad
ioi
sot
ope
s a
re
a p
ote
nti
al
sou
rce
of
rad
ion
ucl
ide
s
tha
t c
oul
d r
eac
h t
he
Gre
at
Lak
es
aft
er
pas
sin
g
thr
oug
h m
uni
cip
al
was
te
tre
atm
ent
pla
nts
.
Thi
s p
oss
ibi
lit
y i
s b
ein
g i
nve
s—
tigated in the Lake Ontario Basin.
 TABLE 1
OPERATING NUCLEAR GENERATING STATIONS, 1977
   
ATION REACTOR ELECTRICAL
LAKE STATION LOC TYPE POWER, MW
MICHIGAN Zion I & II Zion, Illinois PWR 2 X 893
Kewaunee Carlton, Wisconsin PWR 541
Point Beach Manitowoc County, PWR 2 X 497
I & 11 Wisconsin
Palisades Covert Township, PWR 700
Michigan 1
Big Rock Point Charlevoix County, BWR 75 E
Michigan 1
Cook 1 Benton Harbor, PWR 1060
Michigan
HURON Douglas Point Kincardine, Ontario CANDU 220
Bruce A Kincardine, Ontario CANDU 4 X 750a
ERIE
Davis—Besse 1
Ottawa County, Ohio
PWR
906
ONTARIO
Pickering 1—4
Pickering, Ontario
CANDU
4 x 540
Ginna
Ontario, New York
PWR
490
Fitzpatrick
Oswego, New York
BWR
821
Nine Mile
Oswego, New York
BWR
625
 
Point 1
  
a.
Units 1, 2, and 3 only.
 
Unit 4 is expected to come on line in 1978.
 TABLE 2
NUCLEAR GENERATING STATIONS UNDER CONSTRUCTION OR PLANNED
  
ESTIMATED
LAKE STATION LOCATION REACTOR ELECTRICAL COMPLETION
TYPE POWER, MW DATE
MICHIGAN Bailly l Westchester Township, BWR 645 1979
Indiana
Cook 2 Benton Harbor, PWR 1060 1978
Michigan
HURON Midland l & 2 Midland, Michigan PWR 2 X 818 1980—82
Bruce B Kincardine, Ontario CANDU 4 X 750 1982-84
North Channel Ontario CANDU 4 X 850 1988
ST. CLAIR Greenwood St. Clair County, PWR 2 X 1200 1985
RIVER 2 & 3 Michigan
ERIE Fermi 2 Monroe County, BWR 1093 1979
Michigan
Davis—Besse Ottawa County, Ohio PWR I 2 X 906 1981—84
2 &3 ‘
Erie 1 & 2 Erie County, Ohio PWR 2 X 1282 1985
Perry 1 & 2 Perry County, Ohio BWR 2 X 1205 1983
I
ONTARIO Nine Mile Oswego, New York BWR E 1080 1983
Point 2 !
Sterling 1 Sterling, New York PWR ‘ 1150 1985
2
Pickering 5—8 Pickering, Ontario CANDU } 4 x 540 1981—83
Darlington Oshawa, Ontario CANDU 4 X 850 1985-88
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In the fall of 1975, a refined water quality objective for radioactivity
in the Great Lakes was developed through collective meetings and exchanges
of ideas between Canadian and United States advisory groups appointed by the
two Governments. The resulting proposed objective was submitted to the appro—
priate departments of both Governments for review by all parties concerned with
the radioactive water quality of the Great Lakes.
The Radioactivity Subcommittee (RSC) requested early ratification of
this proposed objective in its 1975 and 1976 annual reports so that it could
determine whether the water quality of the Great Lakes met the objective. Data
on radioactivity levels in Great Lakes waters are submitted annually to the
RSC by agencies responsible for monitoring programs in their jurisdictions.
The review process has been completed by both Governments and the proposed
objective was brought forward in 1978 by both negotiating committees for dis—
cussion during the five—year review of the Great Lakes Water Quality Agreement.
It is expected that the refined radioactivity objective will be incorporated
into the revised Agreement.
The full text of the proposed objective is given in Appendix I.
_ 5 _
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The proposed refined radioactivity objective for the Great Lakes waters
is based on the radiological dose received by individuals imbibing lake water.
Therefore, it is necessary to convert concentrations of radionuclides in the
water to total equivalent dose (TEDso) to the International Commission on
Radiological Protection's (ICRP) standard man. An interim list of conversion
factors was given in the 1976 Appendix D (1). It was expected that ICRP would
publish a new set of recommendations in 1977, thus necessitating a change in
the method of calculating total equivalent dose. It was also expected that
ICRP would publish refinedcalculations of the doses produced when various
radionuclides were ingested.
The ICRP published its new recommendations (2), but likely will not
publish its refined dose calculations until 1979. Therefore, the interim dose
conversion factors given last year were recalculated to conform to the new
recommendations and will be used until refined calculations are available.
This list, given in Table 3, does not include some other radionuclides of
lesser importance which maybe needed occasionally.
These recommendations differ from earlier ones in the way dose to a
particular organ or tissue is related to the whole body dose. Previously, the
limiting dose to an individual was that received by the most sensitive organ.
The dose limit for this critical organ was set equal to, or at some multiple
of, that for the whole body. The ICRP now recommends that the risk be equal,
Whet
her
the
whol
e bo
dy i
s ir
radi
ated
unif
orml
y or
non-
unif
orml
y.
Ther
efor
e,
the
detr
imen
ts t
o in
divi
dual
orga
ns o
r ti
ssue
must
be c
apab
le o
f su
mmat
ion.
To accomplish this, a weighting factor, W , is applied to each tissue. The
value of W represents the proportion of Ehe risk resulting from tissue (T) to
the
tota
l ri
sk,
when
the
body
is i
rrad
iate
d un
ifor
mly.
This
can
be e
xpre
ssed
as
2T WTHT S Hwb,L
whe
re
H
is
the
ann
ual
dos
e e
qui
val
ent
in
tis
sue
(T)
and
Hwb
,L
is
the
ann
ual
dos
e e
qui
val
ent
lim
it
for
uni
for
m i
rra
dia
tio
n o
f t
he
who
le
bod
y.
   
 TABLE 3
 
DOSE CONVERSION FACTORS
      
EQUIVALENT
PROPORTION OF RISK WHOLE BODY
TI
SS
UE
FR
OM
TI
SS
UE
TO
TE
Ds
o
RADI
ONUC
LIDE
TISS
UE A
T RI
SK
(mre
m/a
WHOL
E BO
DY R
ISK
(mre
m/a
per pCi/L) (WT) per pCi/L)
3H
‘ W
hol
e b
ody
0.0
000
64
1
0.0
000
64
I
90Sr
I R
ed
bon
e m
arr
ow
0.46
0.1
2
0.079
Bone surfaces 0.80 0.03
226Ra Bone Surfaces 9.1 0.03 }
I Red bone marrow I 1.3 0.12 0'43
I I
13“cS Whole body ; 0 055 1 0.055
. I
I I
' 1“Cs Whole body } 0.025 1 0.025
E 1291 Thyroid I 7.5 0.03 0.23
1311 Thyroid 1.5 0.03 0.045
60Co Lower large intestine 0.03 0.06 0.0018
I
58Co Lower large intestine I 0.015 0.06 0.0009
652m Liver 0.015 0.06 0.0009
95Zr I Lower large intestine 0.025 0.06 0.0015
106Ru Lower large intestine 0.15 0.06 0.009
125Sb I Lower large intestine 0.015 0.06v 0.0009
11MCe I Lower large intestine 0.15 0.06 0.009
I
5”Mn I Lower large intestine 0.015 0.06 0.0009
 
 The values of WT recommended by ICRP are:
TISSUE H:
Gonads 0.25
Breast 0.15
Red Bone Marrow 0.12
Lung 0.12
Thyroid 0.03
Bone Surfaces 0.03
Remainder (other tissues 0.30
or organs)
The remainder (0.30) is allocated equally to the five other organs or
tissues receiving the highest dose equivalent. When the gastro—intestinal
tract is irradiated, the stomach, small intestine, upper large intestine, and
lower large intestine are treated as four separate organs.
The dose equivalent, HT, at a point in a tissue, is given by
HT = DQN
where D is the absorbed dose, Q is the quality factor applicable to the absorbed
radiation, and N is the product of all other modifying factors. For the
present, N = l. The following effective values of Q have been recommended for
the various types of primary radiation:
RADIATION g
X rays, Y rays, and electrons l
Neutrons and protons 10
a particles 20
The new name for the unit of dose equivalent is the sievert (Sv).
l SV = 100 rem
The
unit
s of
the
siev
ert
are
joul
es p
er k
ilog
ram.
The
prop
osed
radi
oact
ivit
y
obje
ctiv
e is
expr
esse
d in
term
s of
the
comm
itte
d do
se e
quiv
alen
t to
the
whol
e
body over a 50—year period following the annual intake of 803 litres of lake
wate
r (T
EDso
).
To m
eet
this
requ
irem
ent,
HT i
s ca
lcul
ated
usin
g th
e 50
—yea
r
rete
ntio
n in
tegr
al,
Hwb,
L be
come
s th
e nu
meri
cal
valu
e fo
r th
e am
bien
t wa
ter
quality objective, a TEDso of l mrem (10 uSv).
The
con
ver
sio
n f
act
ors
fro
m r
adi
onu
cli
de
con
cen
tra
tio
n t
o d
ose
equ
iva
len
t
in
the
tis
sue
giv
en
in
the
197
6 A
ppe
ndi
x D
hav
e b
een
rec
alc
ula
ted
usi
ng
ICR
P's
1977
rec
omm
end
ati
ons
.
The
se
are
sho
wn
in
Tab
le
3 a
lon
g w
ith
the
spe
cif
ic
tiss
ues
invo
lved
and
thei
r we
ight
ing
fact
ors.
The
valu
es f
or 3
H, 9
0Sr,
and
226
Ra
are
bas
ed
on
cal
cul
ati
ons
pro
vid
ed
by
Dr.
J.
Mul
ler
(3)
and
are
adj
ust
ed
for
the
ICR
P-r
eco
mme
nde
d Q
val
ues
and
a 2
.2
lit
re
dai
ly
wat
er
int
ake
.
The
  
 
 values for the remaining radionuclides are based on EPA's dosimetric calculations
for the United States National Interim Primary Drinking Water Regulations
(4), adjusted for a 2.2 litre daily intake of water. The major
changes are in the values for 3H, where a decrease in Q from 1.7 to 1 decreases
the dose; and for :ZsRa, where an increase in Q from 10 to 20 increases the
dose to the specific tissues.
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go
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g
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mo
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ng
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wa
rd
s
pu
bl
ic
he
al
th
pr
ot
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ti
on
usi
ng
sta
te,
pr
ov
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ci
al
,
and
fe
de
ra
l
cri
ter
ia.
How
—
eve
r,
mo
ni
to
ri
ng
at
mos
t
lo
ca
ti
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s
has
be
en
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or
ed
to
mee
t
re
qu
ir
em
en
ts
of
th
e
pr
op
os
ed
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di
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ct
iv
it
y
ob
je
ct
iV
e
fo
r
th
e
Gr
ea
t
La
ke
s
(e.
g.
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ur
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nt
ro
l
are
as)
.
Th
us,
the
dat
a
wh
ic
h
ju
ri
sd
ic
ti
on
s
an
nu
al
ly
col
lec
t
and
for
war
d
to
the
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
pr
ov
id
e
a
so
und
bas
e
for
as
se
ss
in
g
the
Gre
at
La
ke
s
ra
di
oa
ct
iv
e
wa
te
r
qua
li
ty.
De
ta
il
s
of
the
pr
es
en
t
mo
ni
to
ri
ng
pr
og
ra
ms
by
age
ncy
Wer
e p
rov
ide
d i
n t
he
197
6 A
ppe
ndi
x D
(1).
PR
OP
OS
ED
RA
DI
OA
CT
IV
IT
Y
SU
RV
EI
LL
AN
CE
PR
OG
RA
M
Cu
rr
en
t
mo
ni
to
ri
ng
pr
og
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ms
on
the
Gr
ea
t
La
ke
s
ma
in
ly
in
vol
ve
sc
re
en
in
g
an
al
ys
es
em
pl
oy
in
g
gr
os
s
a
an
d
gr
os
s
8
me
as
ur
em
en
ts
.
Al
th
ou
gh
th
es
e
an
al
ys
es
en
su
re
tha
t
ju
ri
sd
ic
ti
on
al
cr
it
er
ia
are
not
be
in
g
exc
ee
de
d,
the
y
are
of
lit
tle
val
ue
in
de
te
rm
in
in
g
ra
di
ol
og
ic
al
dos
e
fr
om
im
bi
bi
ti
on
of
the
wat
er
,
the
ba
si
s
for
the
pr
op
os
ed
ra
di
oa
ct
iv
it
y
ob
je
ct
ive
.
To
me
as
ur
e
co
mp
li
an
ce
wi
th
thi
s
Ob
je
ct
iv
e,
a
ra
di
oa
ct
iv
it
y
su
rv
ei
ll
an
ce
pro
gra
m,
wh
ic
h
wo
ul
d
be
co
or
di
na
te
d
wit
h t
he
Sur
vei
lla
nce
Sub
com
mit
tee
's
ove
ral
l p
lan
, w
as
out
lin
ed
in
the
197
5
App
end
ix
D
(S)
.
The
req
uir
eme
nts
of
thi
s
pro
gra
m i
ncl
ude
spe
cif
ic
ana
lys
es
for
ra
di
on
uc
li
de
s
wit
h
de
te
ct
io
n
lim
its
su
ff
ic
ie
nt
ly
low
to
en
ab
le
ef
fe
ct
iv
e
det
erm
ina
tio
n
of
the
con
tri
but
ion
to
the
rad
iol
ogi
cal
dos
e
obj
ect
ive
fro
m a
pa
rt
ic
ul
ar
ra
di
on
uc
li
de
.
Sp
ec
if
ic
ra
di
on
uc
li
de
s
mos
t
lik
ely
ex
pe
ct
ed
fr
om
ind
ivi
dua
l
nuc
lea
r
ope
rat
ion
s
are
sho
wn
in
Tab
le
A a
nd
cur
ren
tly
pro
pos
ed
detection limits are given in Table 5.
Upg
rad
ing
of
ana
lyt
ica
l
fac
ili
tie
s
to
car
ry
out
thi
s p
rog
ram
wil
l
be
exp
ens
ive
and
ope
rat
ing
cos
ts
of
the
ana
lyt
ica
l
pro
gra
m w
ill
be
hig
her
tha
n
cur
ren
t m
oni
tor
ing
pro
jec
ts.
A d
eta
ile
d d
esc
rip
tio
n o
f t
his
pro
pos
ed
pla
n f
or
eac
h o
f
the
Gre
at
Lak
es,
inc
lud
ing
sam
pli
ng
loc
ati
ons
,
fre
que
ncy
of
sam
pli
ng,
and
ra
di
on
uc
li
de
s
an
al
yze
d,
is
gi
ven
in
Ap
pe
nd
ix
II.
Al
so
in
cl
ud
ed
are
eac
h
ju
ri
sd
ic
ti
on
's
es
ti
ma
te
of
the
cos
ts
in
vo
lv
ed
in,
fir
st,
up
gr
ad
in
g
the
an
al
yt
ic
al
ca
pa
bi
li
ty
of
the
la
bo
ra
to
ry
to
the
st
an
da
rd
s
re
qu
ir
ed
for
the
su
rv
ei
ll
an
ce
pr
og
ra
m
and
,
sec
ond
,
op
er
at
in
g
the
pr
og
ra
m
eac
h
yea
r.
The
es
ti
ma
te
s
do
not
in
cl
ud
e
cos
ts
in
cur
re
d
by
ag
en
ci
es
in
vo
lv
ed
in
re
se
ar
ch
pr
og
ra
ms
wh
ic
h
are
de
si
gn
ed
to
ei
th
er
de
fi
ne
key
ra
di
on
uc
li
de
s
re
pr
es
en
ta
ti
ve
of
sp
ec
if
ic
lo
ca
ti
on
s
in
the
Gr
ea
t
La
ke
s
or
mo
ni
to
r
po
te
nt
ia
l
pr
ob
le
m
are
as
suc
h
as
mu
ni
ci
pa
l
wa
st
e
tre
atm
ent
pla
nts
whi
ch
mig
ht
rec
eiv
e
was
tes
fro
m m
edi
cal
and
edu
cat
ion
al
use
rs
of radionuclides.
 
 TABLE A
MAJOR
RADIONUCLIDES
ASSOCIATED
WITH
INDIVIDUAL NUCLEAR OPERATIONS
HEAVY
AND
LIGHT
MINING
AND
WATER
REACTORS
REFINING
REPROCESSING
FALLOUT
3H
226Ra
3H
3H
I3ACS
228Ra
137CS
137Cs
137Cs
230Th
laucs
eosr
131I
210Pb
105Ru
Other
y—ray
emitting
l291
fission and neutron
activation
products
lQHCe
      
 
 a.
b.
  
TABLE 5
RECOMMENDED
LOWER
LIMITS
OF
DETECTION
FOR
RADIONUCLIDES
IN
GREAT
LAKES
WATERS
RADIONUCLIDE
RECOMMENDED
LLDa
(pCi/L)
226Ra
0.2
9°5r
1.3
3H 400b
13“cS 2
1“Cs 4
1“I 2.2
1291
0.4
1“Ru 11
1“Ce 11
6000
56
952r
67
Other fission and
activation products >100
  
Equal to one tenth of the concentration producing a TEDso of l mrem.
Value which
usually
can
be
achieved
for
liquid
scintillation
counting.
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RECENT CHANGES IN LEGISLATION
The U.S. Clean Air Act was amended by P.L. 95—95 in 1977.
Section 122 of
the amendments introduces regulatory control over the emission of radioactive
pollutants to the atmosphere.
Regulation can be in the form of a standard or
an emission limitation.
These would be subject to review and approval by the
U.S.
Nuclear Regulatory
Commission.
The
section
also requires
the U.S.
Environ—
mental
Protection
Agency
to
study
the
effects
on public health
and welfare
of
an
array
of presently
unregulated
materials,
including
radioactive
pollutants.
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RELEASES FROM NUCLEAR GENERATING STATIONS
As a condition of its licence, a nuclear generating station must report
annual releases of radionuclides to the responsible federal regulatory agency.
Gaseous and aqueous releases for 1977 are tabulated in Tables 6 and 7, respec-
tively.
RELEASES FROM NUCLEAR FUEL REPROCESSING PLANTS
Alth
ough
the
Nucl
ear
Fuel
Serv
ices
, In
c. f
uel
repr
oces
sing
plan
t at
West
Valley, New York, has not processed irradiated fuel since 1972, radionuclides
are continuously discharged to Cattaraugus Creek, which drains to Lake Erie.
Table 8 gives the quantities of radionuclides discharged during 1977.
RELEASES FROM URANIUM MINING, MILLING, AND REFINING
Radium and thorium radioisotopes are leached from uranium mine tailings
by surface water in the Elliot Lake area. A large fraction of this radio—
activity is precipitated in settling ponds by the addition of lime and barium
chloride, but the remainder reaches the Serpent River by direct flow over, and
seepage through, tailings pond dams. Although the total discharges to the
Serpent River are not quantified, it is possible to estimate the loadings of
226Ra to the North Channel from the concentration and flow data recorded near
the river mouth. 226Ra concentrations for five samples taken during 1977 are
given in Table 13 along with the average flow rates for the days the samples
were collected. An average annual loading of 226Ra is shown in Table 8.
 
The quantity of 226Ra discharged from Eldorado Nuclear Ltd's. Port Granby g
waste management site to Lake Ontario is also given in Table 8. Discharge l
decreased after July 1977 because dams were installed on the two creeks .
draining the site, and a treatment facility began to remove 226Ra before I:
disc
harg
ing
the
runo
ff t
o th
e la
ke.
3
RELEASES FROM OTHER NUCLEAR FACILITIES I
The
quan
titi
es o
f ra
dion
ucli
des
actu
ally
purc
hase
d by
medi
cal
and
indu
stri
al
a
license holders and discharged to sewers after use are not recorded by the
United States Nuclear Regulatory Commission, the Atomic Energy Control Board
of Canada, or "agreement states” which regulate some non—reactor licencees.
Therefore, the impact of these potential sources of radionuclide discharge to
the Great Lakes cannot be predicted. However, since 9ngc is the main radio—
nuclide purchased for medical use, its 6—hour half—life would preclude it from
  
 TABLE 6
GASEOUS
DISCHARGES
FROM
NUCLEAR
GENERATING
STATIONS
-
197761
ANNUAL RELEASE 1N CURIES
STATION
PARTICULATES
‘3‘1
NOBLE
GASES
3H
Big Rock
Point
0.26
0.20
13,400
11
Brute
A
0.0025
0.0125
33,900
8,490
Cook
1b
0.000005
0.0006
110
0.01
Davis-Bessu
1C
«0.0002
\0.00001
<1,100
<0.0006
Douglas
Point
0.00017
0.0009
8,692
11,806
Fitzpatrickb
0.02
0.08
15,000
4.7
Ginna
0.00007
0.02
3,200
50
Kewaunee
0.0007
0.02
2,400
3.8
Nine
Mile
Point
1
0.05
0.15
3.500
45
Palisades
0.001
0.02
60
2.2
Pickering
0.0072
0.0019
4.300
44,000
Point
Beach
1
&
2
1.1
0.003
1,100
190
Zion
1
&
2
0.005
0.03
32.000
d
      
8.
Information
from
References
(6)
and
(7).
b. January through June 1977 only.
c. Went critical 30 November 1977.
d. Not available.
 
    
TABLE 7
AQ
UE
OU
S
DI
SC
HA
RG
ES
FR
OM
NU
CL
EA
R
GE
NE
RA
TI
NG
ST
AT
IO
NS
—
19
77
a
ANNUAL RELEASE IN CURIES
ST
AT
IO
N
‘
FI
SS
IO
N
AN
D
‘P
I
AC
TI
VA
TI
ON
PR
OD
UC
TS
31-1
Bi
g
Ro
ck
Po
in
t
0.
39
8.
8
Br
uc
e
A
0.
64
96
6
Co
ok
1"
0.
9
12
0
Da
vi
s—
Be
ss
e
1C
0.
02
9
Do
ug
la
s
Po
in
t
0.
21
1,
98
3
Fi
tz
pa
tr
ic
kb
‘
0.
24
1.
4
Gi
nn
a
0.
06
12
0
Ke
wa
un
ee
1.
3
29
0
Ni
ne
Mi
le
Po
in
t
1
0.
3
2.
5
Pa
li
sa
de
s
0.
09
56
Pi
ck
er
in
g
0.
8
19
,0
00
Po
in
t
Be
ac
h
1
&
2
1.
6
1,
00
0
Zi
on
l
&
2
0.
9
72
0
ﬁ
ﬁ
4
  
a.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nc
es
(6
)
an
d
(7
).
 
b.
Ja
nu
ar
y
th
ro
ug
h
Ju
ne
19
77
on
ly
.
c.
We
nt
cr
it
ic
al
30
No
ve
mb
er
19
77
.
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 being
a
problem.
Studies
to
look
for
radionuclides
leaving
waste
water
treat—
ment
plants
have
been
proposed
at
Buffalo
and
Rochester
by
the
New
York
State
Department
of
Environmental
Conservation;
at
Toronto
by
the
Ontario
Ministry
of
the
Environment
and
the
Ministry
of
Labour;
and
at
Hamilton
by
the
Canada
Centre
for
Inland
Waters.
Results
from
these
special
studies
will
be
reported
in next year's Appendix D.
TABLE 8
ANNUAL
AQUEOUS
DISCHARGES
FROM
OTHER
NUCLEAR FACILITIES - 1977
        
‘
CURIES
PER
YEAR
SOURCE
I
LAKE
¥
%
3H
gosr
226Ra
I
,
I
TT
T—g
Port
Granby
wastea
I0ntario
—
—
0.0046
Jan.—July
management
site
V
0.0001
Aug.—Dec.
Elliot
Lake
uranium
f Huron—North
Channel
I
—
—
1.42
mining area via
Serpent River
V . b I: .
Nuclear
Fuel
Serv1ces
[Erie
538
0.01
-
a.
Information
from
Reference
(7).
b.
Information
from
Reference
(12).
-18_
  
[5 MIINIIIIBINB [IMAHIH 1977
The
rad
iol
ogi
cal
mon
ito
rin
g d
ata
for
wat
er
and
bio
ta
sam
ple
s o
bta
ine
d
during 1977 are reported in Tables 9 to 22.
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TABLE 9
DRINKING WATER INTAKES. 1977a
  
MEAN CONCENTRATION IN pCi/L
LAKE SOURCE SAMPLING LOCATIONb STATION GROSS a GROSS 8 3H 9°Sr ‘37Cs
NUMBER
MICHIGAN Big Rock Point CharlevoixC DBD3 <2.5 2.212 - <0.8 -
Petoskeyc osxa <2.2 3.722 — 0.920.8 -
Donald Cook New Buffaloc DCKS <1.7 2.521 - 1.220.8 —
Lake Township DCL7 <1.7 3.022 - 0320.9 -
Bridgman DCJS <1.7 3.212 - 1.1103 -
Palisades South HavenC DPBS 2.5 2.511 - 1.2203 -
Benton Harbor DPCl <1.7 2.722 - 1.4203 -
5:. JosephC DPH6 <1.7 2.821 - 1.4:0.a —
Bailly East Chicago LM-EC 0.04:0.65 3.72:0.96 — - -
(proposed) Gary LM-G -0.26:0.54 3.071033 - - -
Hammond lM-H -0.08£0.64 3.25:0.96 - - -
Michigan City LM-M -0.0110.57 3.79:0.95 - - -
Whiting LM—W -0.0910.62 3.19:0.95 - - -
Zion Lake County 030205 <1 A12 3002300 121 <5
Waukegan 030206 <1 322 3002300 - -
HURON Bruce Kincardine - — - - 0.64 0.03
Port Elgin - - — — 0.68 0.02
ERIE Fermi 1 s 2 Flat Rockc DEFl <2 4.522 - <1.2 -
Monroe DEJl <1.2 3.512 — 1.010.9 —
Nuclear Fuel AngolaC c - - lo <300 - -
Services Sturgeon Point - <3 4 <300 - -
Dunkirk - - 3.2 - - -
ONTARIO Pickering Pickering - - - - 0.91 0.05
Ajax - - - - 0.96 0.08
Toronto - - - - 0.95 0.04
Ginna Ontariod - <3 4 313 - -
Fitzpatrick and Oswegoc e - - 3.5 - — —
Nine Mile Point Demster Beach - - 5.5 <400 - -
       
a.
b.
c.
d.
e.
Information from References (8 - 12).
Raw Hater unless indicated.
Finished water
‘3‘I<3 pCi/L;1251<o.3 pCi/L.
Not a drinking water intake.
 
 TABLE 10
OPEN LAKE DATA, 1977a
                   
ME 3 T A T I o N SAMPLING DEPTH m CONCENTRATION IN pCl/L
NORTH LATITUDE NEST LONGITUDE DATE METREs “’05 “55b “Sr
HURON 43°43'00" 81°57'00" August 8 1 003830.006 006020.015 0.8410113
ERIE 42°36'30" 79°36'36" September 1 l 0.014i0.005 004120.014 0.6910.02
55 0.01710.005 0.02820.012 -
42°09'00" 81°18'30" September 1 1 003020.006 002820.010 0.9520.02
26 0.02210.005 0.06020.014 0.7810.03
ONTARIO A3°25'02" 79°24'03" August 18 1 0.010 0.025 081420.02
103 001920.005 003030.011 03520.03
43°35'50" 78°00'50" August 18 1 002620.005 0.038!0.013 1.14:0.02
178 003920.007 0.014030.013 03020.02
43°36'24" 76°42'42" August 17 1 0.02910.006 005410.012 0.361032
185 0.01710.005 0.052t0.012 03910.02
a. Information from Reference (13).
TABLE 11
a
LAKE MICHIGAN INSHORE SURFACE WATER, 1977
CONCENTRATION IN pCi/L
SOURCE smug LOCATION SAgIA’IléNG S U S P E N D E D S 0 L U B L E
(moss a GROSS a GROSS a GROSS B “‘1 ‘37Cs “5:
Point Beach Coast Guard Station 24 Hay <1.4 <1.7 <1. 3.7:1.2 <7 <7 <1Jo
16 Nov. <1.4 2.3:1.2 <2.3 2.6:1.h — <7 <1.6
Point Beach Site 24 May (1.4 <1.7 <4 3.921 5 <7 <7 (1.1
16 Nov. <1.4 1.521.1 <2.3 2.911 4 - <7 <1.2
Green Bay Pumping 2h Hay <1.4 <1.7 <4 1621.4 <7 <7 (1.1
Station 16 Nov. <1.4 <1.7 <2.3 2.1:1.3 - <7 <1.3
Kevau
nee
Kewau
nee S
ite
24 Ma
y
<1.4
<1.7
<1.
3 021
A
<7
<7
<1,1
16 Nov. <1.lo 3.111.2 <2.3 2.h11 4 - <7 <1.S
Two C
reeks
Park
24 Ma
y
<1.4
<1.7
<4
3 321
.4
<7
<7
(1.1.
16 Nov. <1J¢ <1.7 <2.3 2 5:1 4 - <7 <1.1
a. Information from Reference (16).
_ -
  
 TABLE 12
LAKE MICHIGAN INSHORE SURFACE WATERS, 1977a
      
SOURCE SAMPLING STATION CONCENTRATION IN pCi/L3
LOCATION NUMBER GROSS a GROSS B H
Big Rock Pt. Mt MCSauba Pt. 8B1 <1.8 3.2:1 300:200
0.8 km south 8B2b <1 5.0:1 400:200
BRP Plant SB3 <l.5 4.8:1 330:200
0.8 km north SBA <l.3 3.6:1 320:200
Nine Mile Pt. SBS <l.5 3.1:1 300:200
Donald Cook Weko Beach SCl — 3.8:1 300:200
0.8 km south 8C2 — 3.1:1 360:200
Cook Plant 803 — 3.1:1 420:200
0.8 km north 8C4 - 3.3:1 320:200
Chalet on Lake SCS - 4.2:1 330:200
Palisades Covert Twp. Park SP2 — 4.4:1 340:200
Palisades Plant SP3 - 3.2:1 300:200
Van Buren St. Park SP4 - 4.6:1 300:200
South Haven SP5 - 4.4:1 270:200
Roadside Park SP6 - 4.1:1 330:200
Bailly Burns Ditch BD—O —0.33:0.81 6.13:1.16 -
(Proposed) Indiana Harbor IHC—l -O.18:0.82 12.84:1.38 —
Canal
Zion Unit 1 & 2 intake 030201 <1 6:2 500:300
0.6 km north 030203 d <1 5:2 300:300
2.1 km north 030205C’ <1 4:2 300:300
0.1 km south 030207d <1 4:2 300:300
9.6 km south 030206 <1 3:2 300:300
a. Information from References (8-10).
b. x—scan showed 137C8 = 8:6 pCi/L on August 1 and 9:6 pCi/L on Oct. 3, 1977.
c. 9Sr<l pCi/L, 90Sr = 1:1 pCi/L, Y-emitting fission and activation products
< 5 pCi/L.
d. Public water supply intake.
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 NORTH CHANNEL —
TABLE 13
SERPENT RIVER SURFACE WATER, 1977a
STATION
FL
(In3
F
CONCENTRATION in pCi/L
 
/s) GROSS oi GROSS ‘
 
On Serpent River at
Hwy. 17 bridge,
8.4 km upstream
from harbour
  
2.
35
F
D.
1
24
 
OW
4 13
.7 12
8 16
.2 i 16
.3 1 11
1
1
1
12
11
16
21
11
8. Information from
References (13) and (15).
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TABL
E 114
1 NORTH CHANNEL INSHORE SURFACE WATER
1
’ a
‘ SERPENT HARBOUR, 1977
E TRATION IN c1 L
s T A T 1 o N DISTANCE c0Nc N p /
NUMBER NORTH WEST SAMPLE FROM SOURCE 2 “a U
LATITUDE LONGITUDE DATE (km) GROSS 01 GROSS 8 “511:: “58a “2Tb 30Th Th (Ug/L)
' 274 46°12'15" 82°37'36" May 21 0.4 17 16 6 b b b b <10
1 Sept 8 8 12 2 <2 <1 <5 <1 <10
279 46°12'12" 82°38'22" May 21 1.4 22 16 5 b b b b <10
Sept 8 7 11 2 <2 <1 <5 <1 <10
281 46°12'11" 82°39'00" May 21 2.2 17 16 6 b b b b <10
Sept 8 3 5 1 <2 <1 <5 <1 <10
285 46°12'04" 82°40'00" May 21 3.5 12 12 4 b b b b <10
Sept 8 4 6 1 <2 <1 <5 <1 <10
286 46°11'45" 82°40'00" May 21 3.7 11 11 2 b b b b <10
Sept 8 1 3 <1 <2 <1 <5 <1 <10
288 46°11'38" 82°41'04" May 21 5.3 11 11 3 b b b b <10
Sept 8 3 5 <1 <2 <1 <5 <1 <10
291 46°10'53" 82°42'24" May 21 7.0 7 6 1 b b b b <10
Sept 8 1 3 <1 <2 <1 <5 <1 <10
            
3. Information from Reference (15).
b. No: analyzed.
TABLE 15
LAKE HURON INSHORE SURFACE WATER
DOUGLAS POINT N.G.S., 19773
5 T A T I 0 N CONCENTRATION in pCi/L
SAMPLING
NORTH NEST DATE
NUMBER LATITUDE LONGITUDE GROSS 6 011035 B ’H 1°“Cs “71:3
117 44°20'09" 81°35'42" June 3 <1 4 <36o <40 <40
Aug. 3 <1 7 <290 <40 <40
121 44°19'33" 81°36'50" June 3 <1 4 <36() <40 <40
Aug. 3 <1 4 <29o <40 <40
122 44°20'02" 81°36'45" June 3 <1 5 <360 <40 <40
Aug. 3 <1 4 <290 <40 <40
371 44°19'33" 81°36'27" June 3 <1 4 <360 <40 <40
Aug. 3 <1 3 <29o <40 <40
456 44°19'11" 81°36'34" June 3 <1 4 <360 <40 <40
Aug. 3 <1 4 <290 <40 <40
457 44°19'38" 81°36'18" June 3 <1 5 <360 <40 <40
Aug. 3 <1 4 <290 <40 <40
458 44°19'46" 81°36'13" June 3 <1 6 <36o <40 <40
Aug. 3 <1 4 <290 <40 <40
459 44°20'09" 81°36'07" June 3 <1 4 <360 <40 <40
Aug. 3 <1 4 <290 <40 <40
          
3. Information from Reference (15).
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TABLE 16
LAKE HURON INSHORE SURFACE WATER
BRUCE "A" N.G.S., 1977a
        
. I O N
S T
A T
gAM
PII
Nv
CON
CEN
TRA
TIO
N i
n p
Ci/
L
NORTH NEST ‘ DAfE ’
NUMBE
R
LATIT
UDE
LONGI
TUDE
CROSS
I
GROSS
L
3H
13“Cs
l“Cs
372
44°20
'36"
81°35
'I2”
June
3
'1
5
“360
(40
(40
Aug. 3 “1 4 /290 “40 <40:
373 44°20'54" 81°35‘2I” June 3 /1 5 “360
Aug. 3 -1 4 (290 «40 (40
461
44°2
0'30
" 8
1°35'
29"
June
3
“l
6
“360
(40
<40
Aug. 3 '1 4 (290 /40 (40
463
44°2
0'51
" 8
I°34
'44”
June
3
"l
4
"360
(40
(40
Aug. ’1 4 (290 (40 <40
468
44°2
1'04
" 8
1“34
'26”
June
3
/l
4
‘360
<40
<40
Aug. 3 (1 4 /290 <40 <40
466
44°2
1'04
" 8
1°35
‘03"
June
3
‘1
4
(360
<40
<40
Aug. 3 ~1 4 /290 /40 <40
467
44°2
1'07
" 8
1°34
'44"
June
3
r1
4
“360
(40
<40
Aug. 3 W1 4 <29o ’40 <40
469
44°
20'
55"
81°3
4'10
"
June
3
(1
4
(360
<40
<40
Aug. 3 (1 4 (290 '40 <40
3. Information from Reference (15).
TABLE 17
LAKE ERIE INSHORE
SURFACE WATERS, 1977
MEAN CONCENTRATION IN pCi/L
Nuclear Fuel
Services
  
(West Branch)
   
SO
UR
CE
SA
MP
LE
V
CO
DE
GR
OS
S
6
3“
LOCATION
Fe
rm
i
1
&
2a
Fe
rm
i
Pl
an
t
SE
9
3.
8:
2
34
0:
20
0
Nia
gar
a R
ive
r
—
3.2
32
-
 
3.
In
fo
rm
at
io
n
fr
om
Re
fe
re
nu
v
(M)
.
  
    
TABLE 18
LAKE ONTARIO SURFACE WATER NEAR PORT HOPE AND OFF
WE
LC
OM
E
AN
D
PO
RT
GR
AN
BY
DU
MP
S,
19
77
d
CONCENTRATION 1N pCi/L
5
STAT
ION
.
.F ..
776
U
LOC
ATI
ON
NUM
BER
DAT
E
GRO
SS
1
GRO
SS
ﬂ
Ra
(pg
/L)
Ins
ide
Por
t H
ope
06—
09—
029
—1
31
May
75
30
2
45
Har
bou
r
5 J
uly
55
20
(-1
30
10
Aug
.
90
115
3
<10
1 S
ept
.
102
30
2
50
06
-0
9—
02
9—
2
31
May
40
25
2
25
5 J
uly
48
19
1
3O
10
Aug
.
145
55
A
75
1 S
ept
.
56
17
2
30
06—
09-
029
—3
31
May
40
25
3
25
5
Jul
y
58
214
2
30
10
Aug
.
135
70
4
75
1 S
ept
.
51
18
2
—
06—
10—
001
—1
31
May
66
26
1
45
5 J
uly
AA
19
I
1
25
10
Aug
.
175
65
2
95
1 S
ept
.
57
19
1
3O
06—
10-
001
-2
31
May
50
25
3
30
5 J
uly
55
20
2
30
10
Aug
.
175
65
A
80
1 S
ept
.
62
20
2
35
06-
10-
001
-3
31
May
50
20
2
3O
5 J
uly
A8
20
1
3O
10 Aug. 185 65 3 80
1 Sept. 67 20 1 35
06-
10—
001
—4
31
May
5
3
l
<10
5 J
uly
30
11
1
20
10 Aug. 5 6 <1 <10
1 Sept. 45 13 2 25
Out
sid
e P
ort
06—
10—
001
—05
31
May
‘
5
5
<1
<10
Hop
e H
arb
our
5 J
uly
1
4
<1
<10
10 Aug. <2 4 <1 <10
1 Sept. 2 5 <1 <10
06—
10—
001
—06
31
May
1
<2
5
<1
<10
5 July | 15 5 <1 10
10 Aug. 4 4 <1 <10
1 Sept. E l 5 1 <10
06-
10—
001
—07
31 M
ay
3
<2
4
<1
<10
5 July I <2 3 <1 <10
10
Aug
.
1
2
3
<1
<10
1 S
ept
.
‘
<2
5
1
<10
1
Off
Wel
com
e
6—1
1—0
01-
01
31
May
L
<2
4
1
<10
Dum
p
5 J
uly
<2
4
<1
<10
1 Sept. <2 3 <1 <10
6-1
1—0
01—
02
31
May
<2
3
<1
<10
5 July <2 4 <1 <10
1 Sept. 2 5 <1 <10
6—1
1—0
01-
03
31
May
1
3
<1
<10
5 J
uly
1
4
<1
<10
1 Sept. <2 4 <1 <10
Off
Por
t G
ran
by
6—1
1-0
02-
01
31
May
1
4
<1
<10
Dum
p
5 J
uly
1
4
<1
<10
1 S
ept
.
1
4
1
<10
6—
11
-0
02
—0
2
31
Ma
y
<2
4
<1
<10
5 J
uly
2
4
<1
<10
1
Sep
t.
3
5
<1
<10
6-1
1-0
02—
03
31
May
<2
3
<1
<10
5 J
ul
y
2
4
<1
<10
1
Se
pt
.
1
5
1
<1
0
       
I. Information from Reference (15).
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TABLE 19
LAKE ONTARIO SURVEY OFF PORT GRANBY
  
WASTE MANAGEMENT SITE - JUNE 21, 1977a
 
k,,,,,,,, 77 NW, :,ir, , , I, ,,,,,,,,,,,,,,W 7, r N , W m Hf ,
THKV%H.YIU\ DISTANCE FROM ‘7“Ra
. ,. T _ i'_\ A ,
“‘ SHORELINE (metres) (pCi/L)
:00 m gust of 0 0.104:0.006
East truck 75 O.180:0.0TO
130 1 o.o4n:0.005
31% ‘ 0.0%b:0.006
East ank 0 l. ’3ht0.01+
1 7s 0.033:0.005
1 13m o.o:5:o.005
‘ :13 T 0.0BA:0.006
T i
T T
Wcst Vruuk T o T 7.23:0.07
T *3 ? o.024:o.005
1 130 0.035i0.003
:33 0.028:0.005
1 200 m west of O 0.19:0.01
Nest Urvuk 7% 0.033f0.003
130 0.033:0.00§
‘ 233 0.027%0.00a
l , WWW L, W 7 , W , ,E7
8. Tn format ion from Rv Tc r‘umw (2 O).
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TABLE 2O
LAKE ONTARIO INSHORE SURFACE WATER
PICKERINO "A" N.G.S., 1977a
        
5 I A T I 0 N SAW“ IV CONCENTRATION in pCi/L
NORTH WEST ‘ ‘DAT‘E‘ ’ 7
NUMBER LATITUDE LONCITUDE (:Ross 11 GROSS 8 ‘H l“Cs 13705
1659 43°48'33" 79°04'40" May 31 ‘1 8 '360 <40 <40
Nov 28 -1 3 20601140 <40 <40
1660 43°48'25" 79°04'32" May 31 '1 7 5401170 <40 <40
Nov 28 "1 2 1600*130 <40 <40
1661 43°48'35" 79°05'03" May 31 <1 6 560170 <40 <40
' Nov 28 r 1 7 18801130 <40 <40
1662 43°48'25” 79°05'00" May 31 '1 4 <360 <40 <40
Nov 28 1 8 12702130 <40 <40
1663 43°48'15" 79°04'51" May 31 -1 6 <360 <40 <40
Nov 28 '1 2 1220:130 <40 <40
1664 43°48‘09" 79°04'40" May 31 <1 6 "360 <40 <40
Nov 28 «1 2 1170:130 <40 <40
1665 43°48'07" 79°04'08" May 31 <1 5 <36o <40 <40
Nov 28 <1 1 <260 <40 <40
1666 43°48‘19" 79°03'52" May 31 <1 7 <360 <40 <40
Nov 28 <1 3 <260 <40 <40
3. Information from Reference (15).
TABLE 21
LAKE ONTARIO FISH IN VICINITY OF
. a
NUCLEAR GENERATING STATIONS IN NEW YORK, 1977
CONCENTRATION IN pCi/kg (WET WEIGHT)
LOCATION qoSr 131I lsucs 137Cs 106Ru 40K
Cinna N.G.S. -
300 m offshoreb 4:2 <30 11:9 70:12 <50 2500:200
28:2 - <8 51:10 <40 23001180
Nine Mile Point N.G.S. -
300 m offshoreC 16:1 — <7 5529 <50 17402150
        
a. Information from Reference (12).
b. Top feeder. Analysis on whole fish.
0. Bottom feeder. Analysis on whole fish.
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TABLE 22
LAKE ONTARIO FISH (RAINBOW TROUT)
FROM MOUTH OF GANARASKA RIVERa
CONCENTRATION 1N pCi/kg
MASS OF (WET WEIGHT)
COLgEEEION WHOLE FISH SEX
(kg) 137CS 226Ra
17 April 1976b 10.0 — 76:3 3.8:0.3
2.77 M 53:3 17 0:0 6
2.50 M 51:3 2.6:0.3
3.00 M 69:3 1 4:0 2
2.45 M 85:5 60 2:1.2
3.40 F 68:3 <0.2
3.18 F 62:3 2.5:0 2
3.81 F 62:5 44 7:0.9
3.00 F 65:4 0 4:0.1
0.36 F 44:6 71 5:2.5
13 April 1977C 3.44 F 43:4 —
2.14 F 63:9 —
1.92 F 66:8 —
1.10 F 44:4 -
0.67 F 48:8 -
0.65 M 47:5 __
0.64 M 57:6 -
     
a. Information from Reference (13).
b.
Ana
lys
es
per
for
med
on
a h
omo
gen
ize
d 3
00
to
400
g s
amp
le
of
pos
ter
ior
section of fish.
c.
Ana
lys
es
per
for
med
on
hom
oge
niz
ed
who
le
fis
h.
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radi
oact
ivit
y ob
ject
ive
(see
page
45)
is o
pera
tive
.
"Con
diti
on B
” re
quir
es
sour
ce i
nves
tiga
tion
and
corr
ecti
ve a
ctio
n if
rele
ases
are
not
as l
ow a
s
reasonably achievable. As the source of the 226Ra is well identified and
abat
emen
t pr
oced
ures
are
bein
g im
plem
ente
d at
the
mine
s, n
o fu
rthe
r ac
tion
is
required at the present time.
The monitoring data from the Bruce and the Douglas Point nuclear generating
station source control areas (Tables 15 and 16, respectively) show no measurable
releases at the two sampling times. The average 3H level (<330 pCi/L) for
1977 is similar to the 1976 average and also to values reported for Lake
Michigan.
LAKE ERIE
The open water data for Lake Erie (Table 10) continue to show only radio-
activity from nuclear weapons testing. The mean value of 0.81 pCi/L for 9OSr
is slightly lower than the water intake value of 1.0 pCi/L recorded at the
west end of the lake and the average 1975 value of 1.02 pCi/L. The average of
0.9 pCi/L for 90Sr would result in an annual TED50 of 0.07 mrem to the whole
body. 3H levels for 1977 (Tables 9 and 17) are similar to levels in 1976.
LAKE ONTARIO
The 137Cs concentration in the open waters of Lake Ontario in 1977 (Table
10) was essentially the same as in 1976. The average value of 0.023 pCi/L is
lower than the average of 0.057 pCi/L for the three water intakes near the
Pickering nuclear generating station (Table 9), just as it was in 1976. It is
unlikely that the higher value is due to the influence of the nuclear power
station since 131+Cs was not reported as present in the water intake samples.
This radioisotope is not present in fallout but invariably is in reactor
wastes.
The average concentration of 90Sr in the open water is 0.93 pCi/L; this
is in excellent agreement with the average value of 0.94 pCi/L reported for
water intakes. This average is slightly higher than the 1976 average (0.83
pCi/L) reported for the same water intakes. The annual TED50 to the whole
body from drinking Lake Ontario water during 1977, based on the 90Sr con—
version factor, is 0.07 mrem.
Although the waters of Port Hope Harbour, which receive wastes from the
Eldorado Nuclear Ltd. uranium refinery, did not exceed Ontario's criterion of
3 pCi/L for 226Ra during 1976, this was not the case in 1977 when three samples
showed levels of 4 pCi/L (Table 18). However, the annual average for all
samples is 2 pCi/L, which would produce an annual TED50 of 0.86 mrem to the
whole body. When the contribution to the whole body dose from the 90Sr of
0.07 mrem is included, the total TEDso becomes 0.93 mrem, which is still lower
than the refined objective of 1 mrem.
The data for 226Ra in Lake Ontario outside Port Hope Harbour and off the
Port Granby and Welcome waste management sites for the refinery (Table 18)
show levels equal to or less than the detection limit of l pCi/L. The more
precise measurements off Port Granby (Table 19) show in fact that the ambient
lake level of about 0.03 pCi/L is reached within 150 metres of the shoreline.
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 MANAGEMENI I" II EH-IWH
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|
HABIIIMI WASH IN IHE
EHEM [AKESBASIN
Storage and future disposal of irradiated nuclear fuel and fuel repro—
cessing wastes from the expanding nuclear power program could affect Great
Lakes water quality. The subject is currently a source of public debate and
has been cited by many as a major area of concern. Neither the United States
nor the Canadian Government has enunciated an official policy regarding manage—
ment of these wastes. The Radioactivity Subcommittee has reviewed the current
status of the problem in both countries.
CANADA
In Ontario, where the majority of Canadian nuclear power development has
taken place, there are currently about 1,500 tonnes of irradiated fuel stored
in water-filled tanks on the sites of the power plants. Spent fuel is now
being produced at a rate of about 800 tonnes per year. Two reports on future
management of this spent fuel were recently published. The Management of
Canada's NueZeaP Wastes (16) by A. M. Aikin, J. M. Harrison, and F. K. Hare,
usually called the "Hare Report”, was commissioned by the Department of Energy,
Mines and Resources; The Disposal of Ontario's "35: fuefear Fuel (17) by R. J.
Uffen, was commissioned by Ontario Hydro. The Hare Report concluded that
there are good prospects for the safe, permanent disposal of highly radio—
active wastes and there is no need to delay the nuclear power development
prog
ram.
Uffe
n's
repo
rt,
howe
ver,
echo
ed t
he r
ecom
mend
atio
n of
Sir
Bria
n
Flowers in Nuclear Power and the Environment (18), that there should be no
Comm
itme
nt t
o a
larg
e pr
ogra
m of
nucl
ear
powe
r de
velo
pmen
t,
i.e.
deve
lopm
ent
greater than 20,000 megawatts in Ontario, until a safe disposal method has
been
demo
nstr
ated
.
Both
agre
ed t
hat
a ma
jor
rese
arch
prog
ram
shou
ld b
e un
der-
take
n im
medi
atel
y by
the
Cana
dian
Gove
rnme
nt t
o de
velo
p th
e di
spos
al m
etho
d
inv
olv
ing
dee
p b
uri
al
of
vit
rif
ied
was
tes
in
geo
log
ica
l f
orm
ati
ons
.
The
Hare
Rep
ort
rec
omm
end
ed
test
dis
pos
als
of
imm
obi
liz
ed
spen
t f
uel
at
one
site
in
Ont
ari
o b
y 1
990.
It
con
clu
ded
that
sel
ect
ion
of
a s
ite
out
sid
e t
he
Grea
t
Lak
es
Bas
in
is
not
an
adv
ant
age
sin
ce
the
par
amo
unt
con
sid
era
tio
n m
ust
be
a
site that will not fail.
Fol
low
ing
the
rec
omm
end
ati
ons
of
the
Har
e R
epo
rt,
Can
ada
and
Ont
ari
o
joi
ntl
y a
nno
unc
ed
on
Jun
e 5
, 1
978
a p
rog
ram
to
dev
elo
p a
per
man
ent
, s
afe
dis
pos
al
sys
tem
for
rad
ioa
cti
ve
was
te
mat
eri
als
(25)
.
The
fed
era
l g
ove
rnm
ent
wil
l u
nde
rta
ke
res
ear
ch
and
dev
elo
pme
nt
in
the
imm
obi
liz
ati
on
and
dis
pos
al
of
radi
oact
ive
wast
es
in u
nder
grou
nd r
epos
itor
ies,
and
the
prov
ince
will
stud
y
pro
ble
ms
wit
h
int
eri
m s
tor
age
and
tra
nsp
ort
ati
on.
The
res
ear
ch
and
dev
elo
pme
nt
wil
l d
ete
rmi
ne
whe
the
r p
erm
ane
nt
dis
pos
al
of
radi
oact
ive
wast
e in
deep
unde
rgro
und
repo
sito
ries
in i
ntru
sive
igne
ous
rock
  
 is
saf
e,
sec
ure
,
and
des
ira
ble
.
Geo
log
ica
l
fie
ld
stu
die
s w
ill
beg
in
in
197
8
to
eva
lua
te
the
eff
ect
ive
nes
s
of
bar
rie
rs
to
pre
ven
t
the
rel
eas
e
of
rad
io—
act
ivi
ty
to
the
env
iro
nme
nt;
abo
ut
1,5
00
geo
log
ica
l
for
mat
ion
s
in
Ont
ari
o
wil
l
be classified as to suitability.
Ont
ari
o
has
mad
e
no
com
mit
men
t
to
rep
roc
ess
ing
or
to
dep
osi
tin
g w
ast
e
fro
m o
the
r p
rov
inc
es
in
Ont
ari
o.
The
ten
tat
ive
pro
gra
m s
che
dul
e i
s:
197
8—1
980
— G
eol
ogi
cal
sur
vey
wor
k,
exp
eri
men
tal
dri
lli
ng,
and
accelerated research and development
198
1-1
983
- S
ite
sel
ect
ion
for
dem
ons
tra
tio
n r
epo
sit
ory
1983 — Site acquisition
1985-2000 — Disposal demonstration
2000 and — Full scale facilities operational
Beyond
Fede
ral—
prov
inci
al c
oord
inat
ion
will
invo
lve
a co
mmit
tee
repr
esen
ting
Atom
ic E
nerg
y of
Cana
da L
imit
ed,
Onta
rio
Hydr
o, O
ntar
io M
inis
try
of E
nerg
y,
and the federal Department of Energy, Mines and Resources.
UNITED STATES
In New York State, the West Valley site of Nuclear Fuel Services currently
stor
es a
bout
2.3
mill
ion
litr
es o
f hi
gh-l
evel
wast
e.
Even
thou
gh n
o fu
rthe
r
fuel reprocessing is planned, this presents a major disposal problem. B. L.
Cohen, in The Disposal of Radioactive Wastes from Fission Reactors (l9),
recommends incorporation of these wastes into glass and deep burial after a
ten—year cooling period. As yet, no decision has been made by the licencing
authority, the Nuclear Regulatory Commission, as to what future action should
be taken. Congress has required the Department of Energy (DOE) to conduct a
study of possible disposal methods for this waste and future use of the site.
The study should be completed by the end of 1978.
Preliminary explorations by the Energy Research and Development Agency
(ERDA) for a site for a high—level waste disposal facility near Rogers City,
Michigan, caused that state to enact Act 113, P.A. 1978 (formerly Senate Bill
144) to prohibit any disposal of high-level radioactive wastewithin the
stat
e.
Both
EPA
and
ERDA
are
cont
inui
ng s
tudi
es o
n me
thod
s an
d cr
iter
ia f
or
high—level waste disposal, but plans for a high—level waste facility have been
post
pone
d fr
om 1
985
unti
l 19
90 o
r la
ter.
DOE
has
stat
ed i
t wi
ll n
ot i
niti
ate
any program for such a depository without state involvement. EPA has prepared
a background report on environmental protection criteria for radioactive waste
disposal as a result of two workshops on the subject (23).
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r
e
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0.
07
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b
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c
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SUMMARY
Thi
s d
ocu
men
t r
epr
ese
nts
the
join
t r
eco
mme
nda
tio
ns
of
U.S.
and
Can
adi
an
adv
iso
ry
gro
ups
on
a r
adi
oac
tiv
ity
obj
ect
ive
to
pre
ser
ve
the
wat
er
qua
lit
y o
f
the
Gre
at
Lake
s.
The
obj
ect
ive
is
in
term
s o
f a
dos
e e
qui
val
ent
to
ICRP
Ref
e—
ren
ce
Man
fro
m a
sta
nda
rd
ann
ual
inta
ke
of
the
Grea
t L
ake
s w
ater
.
The
rec
om-
men
ded
obj
ect
ive
for
the
gen
era
l w
ate
r q
ual
ity
in
the
Gre
at
Lak
es
is
that
lev
el
of
rad
ioa
cti
vit
y w
hic
h r
esu
lts
in
a w
hol
e b
ody
dos
e e
qui
val
ent
not
exc
eed
ing
one
mil
lir
em.
Rel
eas
e o
f r
adi
oac
tiv
e m
ate
ria
ls
sha
ll
be
as
low
as
rea
son
abl
y a
chi
eva
ble
and
con
tro
lle
d b
y s
pec
ifi
ed
act
ion
s a
t d
efi
ned
lev
els
.
REFINED RADIOACTIVITY OBJECTIVE
The
Can
ada
—Un
ite
d
Sta
tes
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
spe
cif
ied
rad
ioa
cti
vit
y a
s a
con
sti
tue
nt
of
wat
er
for
whi
ch
ther
e s
hou
ld
be
an
agr
eed
Wat
er
Qua
lit
y O
bje
cti
ve.
The
rel
eva
nt
sta
tem
ent
s
in
the
Agr
eem
ent
are
as
follows:
An
ne
x
1,
Se
ct
io
n
l(h
)
sta
tes
:
"R
ad
io
ac
ti
vi
ty
sh
oul
d
be
ke
pt
to
the
lo
we
st
pr
ac
ti
ca
bl
e
lev
el.
In
any
eve
nt,
di
sc
ha
rg
es
sh
oul
d
be
co
nt
ro
ll
ed
to
th
e
ex
te
nt
ne
ce
ss
ar
y
to
pr
ev
en
t
ha
rm
fu
l
ef
fe
ct
s
on
he
al
th
."
An
ne
x
1,
Se
ct
io
n
7(
b)
fu
rt
he
r
st
at
es
:
"f
or
ra
di
oa
ct
iv
it
y,
th
e
ob
je
ct
iv
e
sh
al
l
be
co
ns
id
er
ed
in
th
e
li
gh
t
of
th
e
re
co
mm
en
da
ti
on
s
of
th
e
In
te
rn
at
io
na
l
Co
mm
is
si
on
on
Ra
di
at
io
n
[s
ic
]
Pr
ot
ec
ti
on
."
 
Fu
rt
he
r,
th
is
se
ct
io
n
re
qu
ir
es
th
e
pa
rt
ie
s
to
co
ns
ul
t
"f
or
th
e
pu
rp
os
e
of
co
ns
id
er
in
g
a
re
fi
ne
d
ob
je
ct
iv
e
fo
r
ra
di
oa
ct
iv
it
y.
”
'
Su
bs
eq
ue
nt
ly
,
ad
vi
so
ry
gr
ou
ps
we
re
fo
rm
ed
in
Ca
na
da
an
d
in
th
e
Un
it
ed
St
at
es
to
co
ns
id
er
th
e
te
ch
ni
ca
l
as
pe
ct
s
in
vo
lv
ed
in
de
ve
lo
pi
ng
su
ch
a
"r
ef
in
ed
ob
je
ct
iv
e"
.
Th
e
pr
es
en
t
re
po
rt
wa
s
de
ve
lo
pe
d
fo
ll
ow
in
g
ex
te
ns
iv
e
co
ns
ul
ta
ti
on
between the two groups.
To
re
st
or
e
an
d
en
ha
nc
e
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
,
as
ca
ll
ed
fo
r
in
th
e
Ag
re
em
en
t,
it
is
ne
ce
ss
ar
y
to
li
mi
t
th
e
qu
an
ti
ty
of
ra
di
oa
ct
iv
e
ma
te
ri
al
s
in
tr
od
uc
ed
du
e
to
ac
ti
vi
ti
es
of
th
e
Un
it
ed
St
at
es
of
Am
er
ic
a
an
d
Ca
na
da
.
An
ac
ce
pt
ab
le
qu
al
it
y
fo
r
wa
te
r
in
th
e
sy
st
em
ca
n
be
st
be
ma
in
ta
in
ed
by
a
vi
go
ro
us
ap
pl
ic
at
io
n
of
ap
pr
op
ri
at
e
co
nt
ro
l
me
as
ur
es
.
Th
es
e
co
nt
ro
ls
sh
ou
ld
be
ap
pl
ie
d
to
ra
di
oa
ct
iv
e
ef
fl
ue
nt
s
fr
om
po
in
t
so
ur
ce
s
as
we
ll
as
ru
ns
of
f,
dr
ai
na
ge
,
an
d
se
ep
ag
e
fr
om
no
n-
po
in
t
so
ur
ce
s,
in
cl
ud
in
g
ae
ri
al
de
po
si
ti
on
.
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 Th
e
R
a
d
i
o
a
c
t
i
v
i
t
y
O
b
j
e
c
t
i
v
e
fo
r
th
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
is
b
a
s
e
d
p
r
i
n
c
i
p
a
l
l
y
on three criteria:
(1
)
In
tr
od
uc
ti
on
of
ra
di
oa
ct
iv
e
ma
te
ri
al
s
in
to
Sy
st
em
Wa
te
rs
sh
ou
ld
be
pe
rm
it
te
d
on
ly
wh
en
it
re
su
lt
s
fr
om
so
ci
al
ly
be
ne
fi
ci
al
ac
ti
vi
ti
es
.
(2
)
Th
e
co
nc
en
tr
at
io
n
of
ra
di
oa
ct
iv
it
y
in
th
e
Sy
st
em
Wa
te
rs
an
d
in
bi
ot
a
sh
ou
ld
no
t
co
ns
ti
tu
te
an
un
ac
ce
pt
ab
le
he
al
th
ri
sk
on
ei
th
er
a
lo
ng
—
te
rm
or
sh
or
t—
te
rm
ba
si
s.
(3
)
Si
nc
e
th
e
in
ge
st
io
n
of
an
y
am
ou
nt
of
ra
di
oa
ct
iv
it
y
ma
y
in
vo
lv
e
so
me
ri
sk
,
ad
di
ti
on
al
co
nt
ro
ls
sh
ou
ld
be
in
st
it
ut
ed
un
ti
l
th
ei
r
co
st
is
in
co
mm
en
su
ra
te
wi
th
an
y
fu
rt
he
r
re
du
ct
io
n
in
po
te
nt
ia
l
he
al
th
risks.
In
ke
ep
in
g
wi
th
th
es
e
cr
it
er
ia
,
se
ve
ra
l
re
co
mm
en
da
ti
on
s
ha
ve
be
en
ag
re
ed
to
.
Th
es
e
re
co
mm
en
da
ti
on
s
re
fe
r
to
an
Am
bi
en
t
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
e,
th
e
co
nt
ro
l
of
ra
di
oa
ct
iv
e
re
le
as
es
,
a
de
fi
ne
d
hi
er
ar
ch
y
of
Ac
ti
on
Le
ve
ls
an
d
th
e
su
rv
ei
l—
la
nc
e
of
La
ke
Wa
te
rs
.
No
ne
of
th
e
pr
op
os
ed
le
ve
ls
,
in
cl
ud
in
g
pa
rt
ic
ul
ar
ly
th
e
lo
we
st
,
sh
ou
ld
be
in
te
rp
re
te
d
as
ne
ce
ss
ar
il
y
de
fi
ni
ng
an
ac
ce
pt
ab
le
do
se
to
th
e
po
pu
la
ti
on
us
in
g
Sy
st
em
Wa
te
rs
.
Th
e
ac
ce
pt
ab
il
it
y
of
an
y
do
se
le
ve
l
de
pe
nd
s
on
wh
et
he
r
th
e
th
re
e
cr
it
er
ia
gi
ve
n
ab
ov
e
ar
e
be
in
g
me
t
in
a
re
sp
on
si
bl
e
ma
nn
er
.
It
is
fu
rt
he
r
pr
op
os
ed
th
at
th
es
e
ob
je
ct
iv
es
be
re
vi
ew
ed
at
le
as
t
ev
er
y
fi
ve
ye
ar
s
to
co
ns
id
er
an
y
ne
ce
ss
ar
y
ch
an
ge
s
an
d
to
de
te
rm
in
e
if
th
ey
co
nt
in
ue
to
re
fl
ec
t
"a
s
lo
w
as
re
as
on
ab
ly
ac
hi
ev
ab
le
".
A
M
B
I
E
N
T
W
A
T
E
R
Q
U
A
L
I
T
Y
It
is
ne
ce
ss
ar
y
to
sp
ec
if
y
an
am
bi
en
t
wa
te
r
qu
al
it
y
le
ve
l
fo
r
th
e
La
ke
s
as
a
wh
ol
e
so
th
at
co
nt
ri
bu
ti
on
s
fr
om
al
l
so
ur
ce
s
in
cl
ud
in
g
ae
ri
al
de
po
si
ti
on
ar
e
ta
ke
n
in
to
ac
co
un
t.
Th
is
wa
te
r
qu
al
it
y
le
ve
l
is
ex
pr
es
se
d
in
te
rm
s
of
th
e
to
ta
l
eq
ui
va
le
nt
do
se
to
IC
RP
Re
fe
re
nc
e
Ma
n
in
te
gr
at
ed
ov
er
50
ye
ar
s,
(T
ED
so
).
It
is
pr
op
os
ed
th
at
wa
te
r
qu
al
it
y
ou
ts
id
e
of
an
y
So
ur
ce
Co
nt
ro
l
Ar
ea
,
as
de
fi
ne
d
he
re
in
,
sh
al
l
no
t
re
su
lt
in
a
TE
D5
0
gr
ea
te
r
th
an
on
e
mi
ll
ir
em
to
th
e
wh
ol
e
bo
dy
fr
om
da
il
y
in
ge
st
io
n
of
2.
2
li
te
rs
of
La
ke
wa
te
r
fo
r
on
e
ye
ar
.
Th
er
ef
or
e,
ev
en
fo
r
li
fe
ti
me
(5
0
ye
ar
s)
in
ge
st
io
n,
th
e
an
nu
al
do
se
ra
te
wi
ll
no
t
ex
ce
ed
1
mi
ll
ir
em
pe
r
ye
ar
.
Th
e
to
ta
l
eq
ui
va
le
nt
do
se
to
a
si
ng
le
or
ga
n
or
ti
ss
ue
sh
al
l
be
in
pr
op
or
ti
on
to
th
e
do
se
li
mi
t
re
co
mm
en
de
d
by
th
e
IC
RP
fo
r
th
at
ti
ss
ue
.
Be
ca
us
e
le
ve
ls
in
th
e
la
ke
s
ma
y
fl
uc
tu
at
e
as
a
re
su
lt
of
un
co
nt
ro
ll
ab
le
re
le
as
es
,
su
ch
as
fa
ll
ou
t
fr
om
we
ap
on
te
st
in
g,
it
is
fu
rt
he
r
re
co
mm
en
de
d
th
at
th
e
on
e
mi
ll
ir
em
va
lu
e
be
re
vi
ew
ed
at
le
as
t
ev
er
y
fi
ve
ye
ar
s
to
en
su
re
th
at
th
e
co
nt
ri
—
bu
ti
on
fr
om
th
es
e
un
co
nt
ro
ll
ab
le
re
le
as
es
do
es
no
t
co
ns
ti
tu
te
an
un
re
as
on
ab
le
proportion of the dose.
CO
NT
RO
L
OF
RE
LE
AS
E
OF
RA
DI
OA
CT
IV
E
MA
TE
RI
AL
S
Du
mp
in
g
of
ra
di
oa
ct
iv
e
wa
st
es
or
ot
he
r
ra
di
oa
ct
iv
e
ma
te
ri
al
in
to
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
sy
st
em
is
pr
oh
ib
it
ed
.
Du
mp
in
g
is
de
fi
ne
d
as
an
y
de
li
be
ra
te
di
sp
os
al
of
pa
ck
ag
ed
or
un
pa
ck
ag
ed
wa
st
es
or
ot
he
r
ma
tt
er
fr
om
ve
ss
el
s,
pl
at
—
fo
rm
s
or
ot
he
r
ma
n-
ma
de
st
ru
ct
ur
es
in
to
th
e
Sy
st
em
Wa
te
rs
,
bu
t
du
mp
in
g
do
es
no
t
in
cl
ud
e
th
e
re
le
as
e
of
ef
fl
ue
nt
s
th
at
ar
e
pe
rm
it
te
d
by
th
e
re
sp
on
si
bl
e
regulatory bodies.
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 Bot
h t
he
con
cen
tra
tio
ns
and
qua
nti
tie
s o
f r
adi
oac
tiv
e m
ate
ria
ls
rel
eas
ed
int
o t
he
Gre
at
Lak
es
Sys
tem
sha
ll
be
con
tro
lle
d t
o t
he
ext
ent
nec
ess
ary
to
pro
tec
t p
ubl
ic
hea
lth
and
the
env
iro
nme
nt.
Rel
eas
es
of
rad
ioa
cti
ve
mat
eri
als
fro
m e
ach
ope
rat
ion
or
typ
e o
f o
per
ati
on
sho
uld
be
con
tro
lle
d s
o a
s t
o c
onf
orm
wit
h t
he
ICR
P r
eco
mme
nda
tio
n t
hat
"all
dos
es
be
kep
t a
s l
ow
as
is
rea
son
abl
y
ach
iev
abl
e e
con
omi
c a
nd
soc
ial
con
sid
era
tio
ns
bei
ng
tak
en
into
acc
oun
t".
(ICRP Pub. 22 1973).
Eff
lue
nts
sho
uld
be
con
tro
lle
d b
y t
he
reg
ula
tor
y b
odi
es
hav
ing
jur
is—
dic
tio
n,
tak
ing
int
o a
cco
unt
the
cos
t o
f f
urt
her
red
uct
ion
s,
the
eff
ica
cy
of
ava
ila
ble
add
iti
ona
l c
ont
rol
mea
sur
es,
and
the
sig
nif
ica
nce
of
the
pot
ent
ial
red
uct
ion
in
pub
lic
hea
lth
ris
k
ass
oci
ate
d w
ith
fur
the
r
dis
cha
rge
lim
ita
tio
ns.
A g
rad
ed
sca
le
of
act
ion
s f
or
eac
h i
den
tif
iab
le
sou
rce
sha
ll
be
imp
lem
ent
ed
bas
ed
on
ann
ual
ave
rag
e
mea
sur
eme
nts
of
the
TED
50
in
wat
er
mon
ito
red
at
the
per
iph
ery
of
eac
h
sou
rce
con
tro
l
are
a,
in
acc
ord
anc
e w
ith
the
act
ion
con
dit
ion
s
given below in Table I.
 
TABLE I - ACTION CONDITIONS
ACTION LEVEL
CO
ND
IT
IO
N
AC
TI
ON
RE
QU
IR
ED
TE
DS
O
(m
re
m)
A
Pe
ri
od
ic
co
nf
ir
ma
to
ry
Le
ss
th
an
1
monitoring
B
So
ur
ce
in
ve
st
ig
at
io
n
an
d
Be
tw
ee
n
1
an
d
5
corrective action if
releases are not as low as
reasonably achievable
C
Co
rr
ec
ti
ve
ac
ti
on
by
In
ex
ce
ss
of
5
re
sp
on
si
bl
e
re
gu
la
to
ry
authorities
   
Ac
ti
on
le
ve
ls
ar
e
to
be
ca
lc
ul
at
ed
in
ac
co
rd
an
ce
wi
th
th
e
do
se
mo
de
ls
used by the ICRP.
Th
e
an
nu
al
av
er
ag
e
sh
al
l
be
ba
se
d
on
th
e
av
er
ag
e
va
lu
e
of
at
le
as
t
4
me
as
ur
em
en
ts
in
a
ye
ar
.
Si
nc
e
th
er
e
is
a
re
la
ti
ve
ly
hi
gh
pr
ob
ab
il
it
y
of
sa
mp
li
ng
er
ro
r,
me
as
ur
em
en
ts
sh
ou
ld
be
ve
ri
fi
ed
be
fo
re
ac
ti
on
is
ta
ke
n.
Wh
en
th
e
co
nc
en
tr
at
io
ns
of
ra
di
on
uc
li
de
s
in
th
e
wa
te
r
co
rr
es
po
nd
to
Co
nd
it
io
n
A,
no
co
rr
ec
ti
ve
ac
ti
on
is
in
di
ca
te
d.
Ho
we
ve
r,
pe
ri
od
ic
mo
ni
to
ri
ng
is
re
qu
ir
ed
to
co
nf
ir
m
th
at
th
e
co
nd
it
io
n
do
es
no
t
ch
an
ge
.
Wh
en
th
e
co
nc
en
tr
at
io
ns
of
ra
di
on
uc
li
de
s
in
th
e
wa
te
r
co
rr
es
po
nd
to
Co
nd
it
io
n
B,
an
in
ve
st
ig
at
io
n
mu
st
be
co
nd
uc
te
d
to
id
en
ti
fy
th
e
so
ur
ce
an
d
th
e
ca
us
e.
If
th
is
in
ve
st
ig
at
io
n
de
mo
ns
tr
at
es
th
at
re
le
as
es
ar
e
as
lo
w
as
re
as
on
-
ab
ly
ac
hi
ev
ab
le
no
fu
rt
he
r
ac
ti
on
is
ne
ce
ss
ar
y;
ot
he
rw
is
e,
co
rr
ec
ti
ve
ac
ti
on
shall be taken.
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r-
i
o
Co
nc
en
tr
at
io
ns
of
ra
di
on
uc
li
de
s
in
th
e
wa
te
r
co
rr
es
po
nd
in
g
to
Co
nd
it
io
n
C
pr
ob
ab
ly
re
fl
ec
t
a
fa
il
ur
e
of
ef
fl
ue
nt
co
nt
ro
ls
an
d
ar
e
un
ac
ce
pt
ab
le
on
a
co
nt
in
ui
ng
ba
si
s.
Th
e
re
sp
on
si
bl
e
re
gu
la
to
ry
au
th
or
it
ie
s
sh
al
l
de
te
rm
in
e
ap
pr
op
ri
at
e
co
rr
ec
ti
ve
ac
ti
on
s
to
mi
ni
mi
ze
th
e
pu
bl
ic
he
al
th
ri
sk
.
SURVEILLANCE
Ad
eq
ua
te
pe
ri
od
ic
mo
ni
to
ri
ng
of
Sy
st
em
Wa
te
rs
,
se
di
me
nt
,
an
d
th
e
ap
pr
o-
pr
ia
te
fo
od
or
ga
ni
sm
s
co
nt
ai
ne
d
th
er
ei
n
sh
ou
ld
be
pr
ov
id
ed
fo
r
th
os
e
ra
di
o—
nu
cl
id
es
li
ke
ly
to
th
e
pr
es
en
t
in
me
as
ur
ab
le
co
nc
en
tr
at
io
ns
.
Su
ch
mo
ni
to
ri
ng
sh
ou
ld
be
co
nd
uc
te
d
un
de
r
th
e
di
re
ct
io
n
of
th
e
re
sp
on
si
bl
e
Fe
de
ra
l,
St
at
e,
an
d
Pr
ov
in
ci
al
ju
ri
sd
ic
ti
on
s
an
d
re
po
rt
ed
to
the
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
.
Th
e
nu
cl
id
es
and
fo
od
or
ga
ni
sm
s
in
ve
st
ig
at
ed
,
and
sa
mp
li
ng
lo
ca
ti
on
s
and
fr
eq
ue
nc
y
sh
ou
ld
ta
ke
in
to
ac
co
un
t
the
kn
ow
n
ef
fl
ue
nt
so
ur
ce
s
and
pa
rt
ic
ul
ar
nuclides released.
Th
e
mo
ni
to
ri
ng
re
po
rt
s
sh
ou
ld
in
cl
ud
e
ca
lc
ul
at
io
ns
of
the
TE
D5
0
to
ICR
P
Ref
ere
nce
Man
fro
m s
tan
dar
d
ann
ual
int
ake
of
the
wat
er
sin
ce
thi
s
is
the
par
a—
met
er
to
be
use
d
in
det
erm
ini
ng
the
app
lic
abl
e
Act
ion
Con
dit
ion
.
At
pre
sen
t
it
is
not
nec
ess
ary
to
det
erm
ine
exp
lic
ity
the
dos
e
equ
iva
len
ts
due
to
the
int
ake
of
foo
d h
arv
est
ed
fro
m
the
Lak
es
as
the
y
are
rel
ati
vel
y
ins
ign
ifi
can
t.
DEFINITIONS
1.
Tot
al
Equ
iva
len
t D
ose
(TE
DSO
):
For
the
pur
pos
e o
f t
his
rep
ort
,
the
tot
al
equ
iva
len
t
dos
e
to
a p
art
icu
lar
org
an,
tis
sue
or
the
who
le
bod
y
is
the
cum
ula
ted
dos
e e
qui
val
ent
ove
r 5
0 y
ear
s r
esu
lti
ng
fro
m t
he
dai
ly
ing
est
ion
of
2.2
lit
ers
of lake water for one year.
TED50 = Xi D501 Qi Ni rem
where:
D50
=
tot
al
abs
orb
ed
dos
e
int
egr
ate
d
ove
r
a
per
iod
of
50
yea
rs
after intake of the radionuclide "i"
Qi = quality factor
N1
= p
rod
uct
of
all
oth
er
mod
ify
ing
fac
tor
s
ICR
P r
epo
rt
No.
10
[21
] l
ist
s t
he
dos
ime
tri
c d
ata
,
inc
lud
ing
the
TED
SO,
for a number of radionuclides.
2.
Ref
ere
nce
Man
:
For
the
pur
pos
e
of
thi
s
rep
ort
,
Ref
ere
nce
Man
ref
ers
to
the
def
ini
tio
ns
and
par
ame
ter
s
for
adu
lt
mal
es
out
lin
ed
in
ICR
P
Rep
ort
23
[22].
3.
Sou
rce
Con
tro
l A
rea
:
It
is
pro
pos
ed
tha
t
the
"so
urc
e
con
tro
l
are
a”
be
def
ine
d a
s f
oll
ows:
"Th
e s
our
ce
con
tro
l a
rea
sha
ll
be
bou
nde
d b
y a
dis
tan
ce
of 1
km r
adiu
s fr
om t
he p
oint
of r
elea
se o
r, i
n th
ose
case
s wh
ere
the
rele
ase
poi
nt
is
to
a n
arr
ow
cha
nne
l o
r r
ive
r,
the
bou
nda
ry
sha
ll
be
a p
oin
t 1
km
dow
n—
stream from the source."
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It
is
fu
rt
he
r
pr
op
os
ed
th
at
th
e
op
er
at
or
of
a
fa
ci
li
ty
ca
n
re
qu
es
t
a
la
rg
er
so
ur
ce
co
nt
ro
l
ar
ea
su
bj
ec
t
to
th
e
ap
pr
ov
al
of
th
e
re
gu
la
to
ry
au
th
o—
ri
ti
es
an
d
si
mi
la
rl
y
th
es
e
au
th
or
it
ie
s
ma
y
re
qu
ir
e
a
mo
re
re
st
ri
ct
iv
e
ar
ea
from an operator.
4.
Am
bi
en
t
Wa
te
r:
Th
e
wa
te
r
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
ou
ts
id
e
th
e
so
ur
ce
control areas.
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PROPOSED AGREEMENT OBJECTIVE
The motive for the establishment of a radiological surveillance program
for the Great Lakes and their tributaries is the evaluation of the quality of
those waters against the proposed Agreement objective which proposes a total
equivalent dose (TEDso) of no more than 1—5 mrem to the whole body per year as
a result of the daily ingestion of 2.2 litres of lake water by a standard man
(see Appendix 1). Dose equivalent to a single organ or tissue shall be in
proportion to the "implied" dose limit recommended by the International
Commission on Radiological Protection (ICRP) for that tissue (2). For sto—
chastic effects, the ICRP dose limitation is based on the principle that the
risk should be equal whether the whole body is irradiated uniformly or non-
uniformly. See Chapter 3 for additional discussion.
Associated with the proposed Agreement objective is a procedure for con—
trolling point source inputs of radioactivity to the Great Lakes. A source
control area (SCA) is that area within a one kilometre radius of the discharge
from a designated source. Monitoring of radionuclide concentrations in water
samples from the periphery of the SCA provides TED50 measurements that will
require defined action conditions depending on whether the level is (A) less
than 1 mrem, (B) between 1 and 5 mrem, and (C) in excess of 5 mrem.
BASIS FOR SURVEILLANCE
The
pri
mar
y p
urp
ose
s f
or
rad
ioa
cti
vit
y s
urv
eil
lan
ce
are
to
ass
ess
com
-
plia
nce
with
the
prop
osed
Agre
emen
t ob
ject
ive
thro
ugh
calc
ulat
ion
of r
adio
—
logi
cal
dose
, an
d to
dete
rmin
e tr
ends
. T
he R
adio
acti
vity
Subc
ommi
ttee
(RSC
)
has identified five general areas for radiological surveillance. By order of
priority, these are: SCA's, ambient waters, potable water supplies, biota,
and sediments. The first two are essential for assessing compliance. The
basis for each type of program is discussed below.
SOURCE CONTROL AREA
Alth
ough
the
prop
osed
Agre
emen
t ob
ject
ive
does
not
allu
de t
o co
ntri
buti
ons
from
cont
roll
ed s
ourc
es,
it c
onti
nues
to b
e pr
uden
t to
incl
ude
sour
ce m
onit
orin
g
in t
he s
urve
illa
nce
sche
me t
o de
term
ine
what
acti
on l
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m c
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will
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ling
more
freq
uent
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han
the
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mum
of f
our
ann
ual
mea
sur
eme
nts
ind
ica
ted
in
the
pro
pos
ed
Agr
eem
ent
obj
ect
ive
.
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In light of the lake inventory of fission products from atmospheric
weapons testing, analytic schemes must be selected which accurately assign
observed activities to the proper source. A useful technique in that area is
the development of 89Sr/9°Sr and 13“Cs/13705 activity ratios, which are sig-
nificantly greater in the effluents of thermal fission facilities than in
older products of weapons testing.
As a minimum, waters at or near the periphery of the SCA of the facility
outfall should be sampled at least monthly and composited quarterly for analysis.
Grab sampling will have to be acceptable in that most desirable locations are
seldom attended on a continuing basis.
In the case where the controllable source is located on a tributary, the
stream should be sampled at a distance of l to 5 km downstream of the outfall.
Sampling should be from the bank of the stream where the plume is likely to be
observed.
This sample is to be accompanied by a grab sample of water taken
from a suitable upstream location on the same day.
In the case where the controllable source is located on the shore of a
lake, the water should be sampled 1 metre below the surface at two points near
the shore line and at least two points in the lake proper at loci 1 km from
the source outfall.
The selection of sampling points should allow for the
sampling of at least one point likely to be in the plume at the time of sam—
pling. Local considerations may result in modifications to this scheme.
For
example, two discharges located close to each other may result in the same
stations being used to monitor both.
Also, for example, a public water
intake, where the purpose of monitoring is different (see below), may also be
designated a SCA station.
AMBIENT WATERS
These samples provide for the assessment of ambient lake waters, namely
those waters well outside the SCA.
Sampling of the waters of the open lakes
is included in this consideration.
No organization is presently engaged in the routine year—round radio—
logical surveillance of open lake water.
Studies are done, however, on a
periodic basis by several organizations in the interest of applied research.
These surveillance efforts are certainly of considerable merit.
Their
results must enter into the evaluation of the prevailing quality of lake
water.
These data, however, are not applicable to the assessment of con—
trolled source conditions, nor are they indicative of human uptake.
The organizations which conduct these studies should make the results
available routinely to the IJC along with their discussion of the results.
As a minimum radiological surveillance program for each lake, samples
should be collected at least annually from at least 3—5 stations at one or
more depths.
The stations should be spread across the lake and be at least 15
km offshore.
The sample collection program is to be developed in conjunction
with the Surveillance Subcommiteee.
 PUBLIC WATER SUPPLIES
Monthly paired composites of raw and finished domestic drinking water
should be considered. Finished drinking water is the only point at which
uptake by man can truly be observed. Further, finished drinking water is
sampled frequently and routinely at the treatment plant, a situation lending
itself to compositing. The composite sampling of raw water at domestic water
treatment plants provides a companion estimation of lake water conditions as
directed to man.
The sampling of the U.S. public water supplies on the Great Lakes under
this proposed radioactivity surveillance program may be integrated with the
radiological monitoring requirements under the U.S. Safe Drinking Water Act.
FISHERY
Food (primarily fish) harvested from the lakes and consumed by man is
anot
her
path
way
of r
adio
acti
vity
to m
an.
The
leve
l of
radi
oact
ivit
y in
fish
is also an indicator of the level in water. The radionuclides sought include
137C
s,
13L'C
s, 1
258b
, an
d 90
Sr.
The
samp
le c
olle
ctio
n an
d pr
epar
atio
n pr
ogra
m
is t
o be
deve
lope
d in
conj
unct
ion
with
the
Fish
Cont
amin
ant
Work
Grou
p of
the
Surveillance Subcommittee.
OPEN WATERS
Hom
oge
niz
ed
sam
ple
s o
f w
hol
e f
ish
col
lec
ted
ann
ual
ly
at
2—4
sta
tio
ns
in
the
ope
n w
ate
rs
of
eac
h l
ake
sho
uld
be
ana
lyz
ed
to
det
erm
ine
rad
ioa
cti
vit
y
lev
els
and
tren
ds.
Ana
lys
es
sho
uld
be
per
for
med
on
a t
op—
of—
the
—li
ne
pre
dat
or
(suc
h a
s l
ake
trou
t o
r w
all
eye)
and
a b
ott
om
feed
er.
The
fish
sho
uld
be
fro
m
the same location(s) each year.
NEARSHORE WATERS
Non
—mi
gra
tor
y
fis
h a
nd
oth
er
bio
ta
sho
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col
lec
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fro
m t
he
vic
ini
ty
of
sel
ect
ed
nuc
lea
r p
owe
r p
lan
t o
utf
all
s t
o d
ete
rmi
ne
the
pre
sen
ce
of
rad
io—
nuc
lid
es
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m t
his
typ
e
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sou
rce
.
The
ana
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sho
uld
be
per
for
med
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the
edi
ble
por
tio
n o
f f
ish
.
At
lea
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two
U.S
. a
nd
two
Can
adi
an
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cha
rge
rs
sho
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be sampled at least annually.
SEDIMENT
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ra
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.
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the
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r
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d
12
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b.
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e
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mp
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pr
og
ra
m
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to
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d
in
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nj
un
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io
n
wi
th
th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
.
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PARAMETERS
The radionuclides sought in the samples collected for radiological analysis
depend on the type of nuclear operation being monitored. Table 4 lists the
longer—lived radionuclides which might be expected to be released from different
kinds of nuclear operations and those that occur from fallout from nuclear
weapons testing.
DETAILED SURVEILLANCE PLAN
The detailed radiological surveillance plan for the Great Lakes is given
by lake in Tables 23—27. Information given for each type of program includes
the responsible jurisdiction, sites, parameters, number of stations, and the
sample analysis frequency. Figures 2-6 locate the sampling stations and/or
sites. These plans, as well as the other aspects of the overall program, are
to be considered dynamic and will be updated as further details are developed.
QUALITY CONTROL
In applying environmental data to estimating dose equivalent to a postu—
lated individual, the radiation protection specialist is generally prone to
accepting the data as being flawless and above critical observation. The
public at large, including non—specialists, is particularly vulnerable to the
acceptance of these improper conclusions. In that the proposed Agreement
objective is subject to the interpretation of data generated by a number of
agencies under the jurisdiction of local, provincial, state, and federal
government, it is crucial to the long—term durability of the Agreement that
each datum, regardless of analyst, be compatible and traceable to a recognized
authority in radioanalytic standards. Therefore, the jurisdictions contributing
data for the radiological assessment of the Great Lakes have all agreed to
participate in the U.S. Environmental Protection Agency's ongoing quality
assurance program. Thus, each laboratory supplying data for demonstrating
compliance with the proposed Agreement objective will have demonstrated its
capability to produce reliable data to the required analytic sensitivity. The
concentrations for each radionuclide which must be detectable are given in
Table 5. The error associated with a measurement at this lower limit of
detection for each radionuclide will be determined.
COSTS
Three costs are presented by jurisdiction in Table 28: present expen—
ditures, costs (primarily capital) to upgrade to meet the objectives of Great
Lakes surveillance, and the cost to operate the upgraded program.
The purpose of radiological surveillance by agencies is often different
from the surveillance required under the Agreement. 1976 Appendix D (1)
summarizes (page 10, Table 4) present surveillance activities by each juris—
diction but concludes that although the water sampling part of the program is
well established, the specific radionuclide analyses required are not done.
Therefore, the RSC's ability to completely assess the radiological dose to an
individual drinking lake water or consuming lake fish cannot be done. Therefore,
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the members of the RSC have estimated the cost for each jurisdiction to upgrade
to meet the objectives of Great Lakes radiological surveillance and then the
cost to operate the upgraded program.
Research or intensive programs are designed to determine the extent or
the potential presence of radioactivity at a given location. An example is
radionuclides from medical sources possibly being present at sewage treatment
plant outfalls. Such programs have a finite time frame. Research costs have
not been estimated.
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FREQUENC
Y
PER YEAR
Water Intake
EMinnesota
Duluth
1 3H,
90Sr, gross
a,
A Quar
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'
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Biota Canada D
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Canada DFE
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each (-Umittcrs
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Appendix D (l), for the particular nuclear operation being munitorcd, unless otherwise specified.
  
L_Y
#_.
__,
_M
_{ e w
as“
I M
at _ e
A
v u
tease“
A
“Leta-”
__ e.
 
 F
i
g
u
r
e
2
SA
MP
LE
CO
LL
EC
TI
ON
LO
CA
TI
ON
S
FO
R
RA
DI
OA
CT
IV
IT
Y
SU
RV
EI
LL
AN
CE
IN
LA
KE
SU
PE
RI
OR
                 
  
93
$
LA
KE
Grand Marois
S
U
P
E
R
I
O
R
SIIVQY Boy
Beav
er Bo
y
Tw
o
Ha
rb
or
s
Duluth
Cqu
ueI
O
PUb
lIC
Wat
er
Int
ake
s
(Loc
atio
ns
are
App
rOX
Ima
te)
20 0
20 4OMI
H
A
j
20 o 20 40 km
   
  
 
1979
AND
BEYO
ND
NO. OF
RADIO—
SAMPLE
TYPE
NO. OF
NUCLIDE GROUPS AND
COLLECTION ANALYSE
S COMMENTS
ANALYZ
ED FOR
FREQUE
NCY
PER YE
AR
TYPE OF
NO. OF
. a
t '
.I E S
PROGRAM JURISDIC
TION SITE LOCATION
STATIONS RADIONUCI
D ( )
Source W
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A 3H, 89Sr and 90S
r, A
Monthly samples, I
80 One station is
I DPH gross B, Yjscan I composited quarterly‘ a water intake
5
(Lake County)
(both raw and
;
finished water)
-
5
6
Indiana Bailly I NCS A 3H, Y—scan (6°Co, 13“Cs, 2 I Monthly samples, ‘ 32
BOH
137Cs)
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site)
See also SCA
a . . . . .
“
(b .
"Y-scan" implies that quantltatlve data will be reported for all Y—emitting radionuclides given in Table 6 of 1976
program i ave
Appendix D (l), for the particular nuclear operation being monitored, unless otherwise specified.
        
5
7
Tab
le
24
con
t'd
.
 
TY
PE
OF
FRO
G
JUR
ISD
ICT
ION
SI
TE
LO
CA
TI
ON
NO.
OF
ST
AT
IO
NS
RAD
ION
UCL
IDE
(S)
a
NO.
OF
RAD
IO—
NU
CL
ID
E
GR
OU
PS
ANA
LYZ
ED
FOR
SA
MP
LE
TY
PE
AN
D
CO
LL
EC
TI
ON
FR
EQ
UE
NC
Y
NO.
OF
ANAL
YSES
PER YEAR
CO
MM
EN
TS
Indiana
BOH
Water
Int
ake
(con
t'd)
Ind
ian
a
BOH
Mich
igan
DPH
Op
en
and
U.S
.
EPA
Near—
sh
or
e
wat
ers
U.
S.
EP
A
Illi
nois
DP
H
Biota
Ind
ian
a
BO
H
Se
di
me
nt
Ca
na
da
DF
E
Gary.
Mich
igan
City
Hammond,
East Chi
cago,
Whiting
Lake Twp
., Bridg
man,
St. Joseph, Benton
Harbor,
South Ha
ven,
Charlevo
ix, Peto
skey
In open water;
actual site is
variable
Zion, Illinois;
Bridg
man,
Charl
evoix
,
South
Haven
, Mi
ch.;
Two
Cree
ks,
Wis
con
sin
Zion
NGS
Bailly I NCS
In O
pen
wate
r;
actu
al
site
is
variable
  
2 (l at
ea
ch
sit
e)
3 (l
at
each
sit
e)
7 (l
at
each
site)
5
(l
at
each
site)
3H, 905
1‘, Y—s
can
Gross a, gross B
3H,
Y—s
can
,
89S
r,
9OS
r
1311
3H,
9OSr
, 2
26Ra
’
gros
s a,
gros
s B
1
H
y—scan
3H
“Sr
and
“Sr,
gros
s 5,
y—sc
an
y
Y—s
can
(SUC
O,
13“C
s,
IB
IC
S)
137
195
Cs,
Sb, other
y—emitters
 
x
'
.
’
 
Mont
hly
samp
les,
com
pos
ite
d q
uar
ter
ly
Mont
hly
samp
les,
comp
osit
ed q
uart
erly
Quar
terl
y sa
mples
,
com
pos
ite
d a
nnu
all
y
5 c
ons
ecu
tiv
e d
ail
y
sam
ple
s a
nal
yze
d o
nce
per
qua
rte
r
Quar
terl
y
1Qu
art
erl
y
l
Annually
Annu
ally
Semi—annually
Irregular — preferably
annually.
sample
(er9
 
24
24
28
28
lOO
25
(
\
1
  
Raw
wat
er.
Sit
es
ar
e
up
st
re
am
and
do
wn
st
re
am
of
Ba
il
ly
I
NG
S
Ra
w
wa
te
r
Fin
ish
ed
wat
er
Nearshore
Fish
Fish—edible
portion.
  
a"y-
scan
” im
plies
that
quan
tita
tive
data
will
be r
epor
ted
for
all
y—cm
itti
ng r
adio
nucl
ides
given
in Ta
ble
6 of
1976
Appe
ndix
D (l
), f
or t
he p
arti
cula
r nu
clea
r op
erat
ion
bein
g mo
nito
red.
unles
s ot
herw
ise
spec
ifie
d.
  
 Figure 3
SA
MP
LE
CO
LL
EC
TI
ON
LO
CA
TI
ON
S
FO
R
RA
DI
OA
CT
IV
IT
Y
SU
RV
EI
LL
AN
CE
IN LAKE MICHIGAN
Charlevous A ‘ petoskey
£7 Big Rock PointNGS
Marinette a
2
Kewaunee NGS 1‘ q
TwoCreeks Q3
\ .
Pom
eeo
ch
N65
A
I
0 P
ubl
ic
Wat
er
Int
ake
s
Q O Source Control Area
\ I Nearshore Station
Sheboygan S
(Locations are Approximate)
Port
Washington
20 o 20 40M:
Iwo
uke
e
Lu
20
O
20
40
km
3‘
Racine <
Kenosha ‘1 I
Lak
e C
oun
ty
Sou
th
Ha
ven
Zion NGS- IA Pal‘sades NGS
l
wo
un
gu
n
Ben
ton
Har
bor
St. Joseph
Cook NGS
Bridgman
Lake Township
Ha
mm
on
d
Mi
ch
ig
an
Ci
ty
’ .
Whiting ‘ Bailly NGS
EastChicago—A my
 
_ 58 _
W, . __._—____—___—J
  
Figure 4
SAM
PLE
COL
LEC
TIO
N L
OCA
TIO
NS
FOR
RAD
IOA
CTI
VIT
Y S
URV
EIL
LAN
CE
IN LAKE HURON
g /‘ Serpent Harbour
v Serpent River Mouth
5 C3
0
0 <60
‘9
C3/
7429 [7
L A K E .7;
Q I v
H U R O N
PortElgin
Bruce NGS
Douglas Point NGS
Klncardine
Pinconning
Midland NGS
Midland
LBayCity
O
‘
Sag
ina
w
O
PUb
IIC
Wat
er
Int
ake
s
O Source Control Area
(Locations are Approximate)
20 O 20 40 Mi
ling?
20 O 20 40 km
-59-
  
 6
0
—
 
TA
BL
E
25
PRO
POS
ED
RAD
IOA
CTI
VIT
Y S
URV
EIL
LAN
CE
PRO
GRA
M F
OR
LAK
E H
URO
N
19
79
AN
D
BE
YO
ND
TYP
E O
F
PROGRAM
JURIS
DICTI
ON
SITE LOCATION
NO.
OF
STAT
IONS
RAD
ION
UCL
IDE
(S)
a
OF R
ADIO
—
GRO
UPS
ANALY
ZED F
OR
SAMPL
E TYP
E
mn
cm
im
eN
FREQ
UENC
Y
NO. OF
ANAL
YSES
PER YEAR
COMMENTS
Sou
rce
Con
tro
l
Area
Water
Intake
 
Mich
igan
DPH
Ont
ari
o
MOE
and
MOL
Ont
ari
o
MOE and
MOL
Mich
igan
DPH
Canada
NH&W
Can
ada
N
H
&
W
Can
ada
NH&W
 
Midla
nd NC
S
Bruce "A" and
Douglas Point NGS'S
Serpent River Mouth
Midland, Saginaw,
Pinconning,
Bay City
Serpent River and
Har
bou
r
Kincardine,
Port Elgin
Elliot Lake
 
16
(8
pe
r
sit
e)
4 (
l at
ea
ch
site)
2 (l at
each
site)
 
3H a
nd
Y—s
can
(
13
7C
S,
eG
CO
)
ZZSR
a’
ZZSR
a’
230T
h,
210Pb
90
3H,
y—sc
an,
89Sr
,
Sr
13
11
226R
a,
ZIOP
b’
U
7
eas
t,
13
CS
226Ra’
ZIOPb,
U
 
r
‘
)
\
‘
I
 
Monthly samples,
composit
ed quart
erly
Monthly samples,
composit
ed quart
erly
Mont
hly
samp
les,
com
pos
ite
d q
uar
ter
ly
Quar
terl
y sa
mples
,
com
pos
ite
d a
nnu
all
y
5 c
ons
ecu
tiv
e d
ail
y
sam
ple
s a
nal
yze
d o
nce
per
qua
rte
r
Mon
thl
y c
omp
osi
tes
of
daily samples
Daily
grabs
,
composit
ed month
ly
Monthl
y grab
s
 
2
A
128
1
6
16
108
48
lb
 
Finished water
Raw water
Finish
ed wuL
er
  
an
Y—scan" implies that quantitative data will be reported for all y—emitting radionuclides given in
Appendix D (l), for the particular nuclear operation being monitored, unless otherwise specified.
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